
Math 20340: Statistics for Life Sciences
Fall 2008 Mid-semester Exam 3 — Solutions

1. Achievement test scores of all high school seniors in a certain state have mean 60. A random
sample of 100 students from one large high school had a mean score of 58, with sample standard
deviation 8. A researcher want to see if this data provides sufficient evidence to suggest that this
high school is inferior.

a): State the null and alternative hypotheses for this test.

Solution: Let µ be the average score for the entire high school.

H0 : µ = 60

Ha : µ < 60

b): Calculate the value of the test statistic.

Solution: Test statistic is x̄−60
8/
√

100
= −2.5

c): Calculate the p-value of the test statistic.

Solution: p-value is P (z ≤ −2.5) = .0061.

d): Calculate the critical value for rejecting the null at 5% significance.

Solution: It’s a one-sided test, so critical value is −1.645.

e): Is there sufficient evidence to suggest that this high school is inferior, at 5% significance?

Solution: Yes; p-value is smaller that .05, test statistic is more negative than −1.645.

f): Is there sufficient evidence to suggest that this high school is inferior, at 1% significance?

Solution: Yes; p-value is smaller that .01.
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2. A coin is called fair if, when tossed repeatedly, the proportion of times it comes up Heads is in
the long run .5. Charlie has a theory that the coin used by the umpire at the start of Saturday’s
game against Syracuse was not fair. To test his theory, he tosses the coin 100 times. It comes up
Heads 61 times. At 5% significance, is there enough evidence to support Charlies’s feeling that
the coin is not fair? State clearly your null and alternative hypothesis.

Solution: Let p be the proportion of times that this particular coin comes up Heads.

H0 : p = .5

Ha : p 6= .5

Test statistic: p̂−.5√
.5∗.5/100

= 2.2 (p̂ = .61)

p-value: P (z > 2.2 or z < −2.2) = .0278.

There’s evidence to accept Charlie’s claim at 5% significance, but not at 1% significance.

3. Salmon grown at a commercial hatchery have weights that are normally distributed. When the
“Norwegian method” is used, the adult salmon have mean weight 7.6 pounds. A hatchery claims
that a modification to the method that they are using increases the average weight. Suppose a
random sample of 16 fish grown using the new method yielded an average weight of 8.1 pounds
with a sample standard deviation of 1.2 pounds.

a): State the null and alternative hypotheses for this test.

Solution: Let µ be average weight of salmon using new process.

H0 : µ = 7.6

Ha : µ > 7.6

b): Write down the test statistic.

Solution: Test statistic: 8.1−7.6
1.2/

√
16

= 1.666...

c): What is the distribution of the test statistic?

Solution: It’s a t distribution with 15 degrees of freedom

d): What is the critical value for rejecting the null at 5% significance?

Solution: From the t table, t.05 = 1.753 (it’s a one-sided test)

e): Is there strong enough evidence to accept the hatchery’s claim at 5% level of significance?

Solution: No, because the test statistic is not as large as the p-value.
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4. a) A certain null hypothesis H0 is tested against an alternative H1, and accepted at 5% signifi-
cance. With the same data, will H0 be accepted at 2% significance?

Solution: Since we accept H0 at 5%, the p-value is bigger than .05; so we also accept at 2%.

b) Explain what is meant by the p-value of a test statistic. (Your answer should not include the
words “critical value” or “significance level”.)

Solution: The p-value of a test statistic is the probability of observing a value of the test statistic
as extreme or more extreme as actually observed, *if the null hypothesis is true*.

c) What is the power of a hypothesis test? How does the power change as the true value of the
mean changes?

Solution: The power of a test is the probability that the test will accept the alternative, when
the alternative is true. The power of the test increases as the difference between the true mean
and the null-hypothesized mean increases.

5. Professor G. believes that students who skip Friday afternoon classes don’t perform as well on
exams as those who show up diligently. His students (especially those who like to start the
weekend watching a Friday afternoon soccer game) are skeptical, and ask for proof. So Prof. G.
points out that on the last midterm in the large calculus class that he teaches, the scores of 30
randomly selected students who always attend class on Friday had a mean of 78 and a sample
variance of 40, while the scores of 30 randomly selected students who never attend class on Friday
had a mean of 75 and a sample variance of 45. Has the Professor proved his point?

Be sure to state what your null and alternative hypotheses are, and at what significance level
you are drawing your conclusion.

Solution: Let µ1 be average score among students who attend class of Fridays, and µ2 the
average among those who do not.

H0 : µ1 = µ2

Ha : µ1 > µ2

Test statistic: x̄1−x̄2√
s21
n1

+
s21
n1

= 78−75√
40
30

+ 45
30

= 1.78....

p-value: P (z > 1.78) = .0375.

There’s evidence to accept Prof. G.’s claim at 5%, but not at 1% significance
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6. How many hours a week does the average Notre Dame student spend on academic work (outside
of time spent in class)? I want to estimate this by taking a random sample. I’m fairly sure that
all students spend at least 12 hours, but no more than 60 hours. How large a sample should I
pick to be 90% confident that I have estimated the right answer to within ±2 hour?

Solution: If I use x̄ as my estimate, my 90% confidence Margin of Error is ±1.645 σ√
n
. I estimate

σ by the rule-of-thumb “one quarter of the reasonable range”, which is 60−12
4

= 12. So MOE is
±1.645 12√

n
. To make this as small as ±2, I need to take n ≥ 98.
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